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A sample of forest fire condensate was column chromatographed
to obtain the polynuclear aromatic hydrocarbon fraction. The sample
was further purified by gel filtration chromatography.
The sample was studied by gas chromatography to establish optimum
conditions for the separation of the components of the mixture. Best
results were obtained on a 6' x k” SE-30 column.
The peaks were identified through the use of a combined gas
chromatographic-mass spectrometric technique. The identification of
peaks was further substantiated by retention studies using standards.
After identification of the components of the mixture, a quanti¬
tative analysis was made using a gas chromatography system interfaced
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INTRODUCTION
Research during the last decade and a half has demonstrated the
ubiquity of hydrocarbons in nature. They occur in great structural
variety as contributions from many sources, each source differing in
the relative proportions of its component hydrocarbons. Their stab¬
ility spans a wide range, but most hydrocarbons are sufficiently
inert to enter into complex pathways of dispersal involving transport
by air, water, and particulates.
The neutral polar fraction of airborne particulate matter has
been shown to possess considerable carcinogenic potency.^ Concerted
efforts are being made to identify the polar compounds found in air¬
borne particulates and to evaluate the potential health hazard posed
by carcinogenic polynuclear aromatic hydrocarbons (PAH) associated
with respirable particulate matter.
In recent years, polynuclear aromatic hydrocarbons have been
extensively studied, principally because of the realized carcinogenic
and mutagenic properties of members of this class of compounds. The
possible adverse effects of these chemicals on human health is a
matter of international concern. Continuing efforts have been made
to elucidate the role of the various components and impurities in
polynuclear aromatic hydrocarbons in order to assist in the develop¬




Polynuclear aromatic hydrocarbons have been detected in such
diverse sources as soot, carbon^black, coal-tar, pitch, mineral shale,
crude oil, rubber tires, etc.^ More significant is the observed
occurrence of polynuclear aromatic hydrocarbons in environmental areas
of concern to public health—tobacco smoke, smoked food, and automobile
exhaust. In spite of this, qualitative and quantitative characteriza¬
tions of particulate matter and organic vapors in wildland fire are
lacking. This study involves the isolation, identification and quanti¬
tation of polynuclear aromatic hydrocarbons in forest fire smoke
particulate matter using the combined gas chromatographic-mass spectro-
metric technique.
Instrumentation
The Combined Gas Chromatograph and Mass Spectrometer -- The main pur¬
pose of any chromatographic system is to resolve mixtures into less
complex mixtures or ultimately into pure components. In many instances,
chromatography serves as the sample preparation step prior to analysis
by methods such as mass spectrometry. In addition to this function,
the chromatographic system can provide retention data which can serve
as complementary information for the positive identification of
resolved components.
Gas chromatography is an excellent tool for the separation,
detection and quantitation of a complex mixture. In spite of this, it
is not a good tool for qualitative identification. The retention time
may be used to deny the possible existence of some compounds in an
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unknown mixture, but the accurancy of retention time measurements is
not sufficient to eliminate all compounds that might elute within the
observed time period. Obtaining retention indices is practical only
for simple mixtures of pure compounds. For good qualitative analysis,
gas chromatography should be combined with some other analytical
method and mass spectrometry is frequently a preferred choice.
Mass spectrometry has become an analytical method of prime
importance in the identification and structural analysis of organic
compounds. It is a rapid and precise method and one of the few techni¬
ques able to give specific data from a sample at the nanogram level.
Mass spectra, because they result from the fragmentation pattern of a
molecule, give positive and distinct identifications except for isomers.
The coupling of the gas chromatograph and the mass spectrometer
has extended the application of both techniques. These two methods
are, in fact, highly complementary: The gas chromatograph is efficient
in the study of complex mixtures. A very important factor is the com¬
parable sensitivity of the two techniques.'^
Spectra Physics SP 4000 Chromatographic Data System ^ — The Spectra
Physics SP 4000 is a multi-channel data system specifically designed
to be used with gas and/or liquid chromatographs. An SP 4000 system
consists of an SP 4000 Central Processor module, from one to sixteen
SP 4020 Data Interface modules (one for each chromatograph) and from
one to sixteen SP 4050 Printer/Plotters (at least one for every four
Data Interfaces).
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An SP 4000 Central Processor contains the computing program to
perform all of the calculations for the entire system. In addition,
memory for the storage or parameter files, sample data and post-run
calculation procedures are in the Central Processor. A full alpha¬
numeric keyboard and cathode ray tube (CRT) facilitates the entry,
review and editing of all file and run data as well as operating
status and system diagnostics. Files are displayed in page fashion
for ease of review and editing.
The SP 4000 computer data system has the capabilities to perform
functions ranging from simple integration to post-run calculations.
The post-run calculations for determining component concentrations are
selected by the method number (MN) parameter in the component files.
There are variations within each method and the selection is based on
its applicability to sample material and the accuracy desired.
The method used for the quantitative analysis of the polynuclear
aromatic hydrocarbon fractions was the normalization method, which
uses response factors. Thus, the area of each component is corrected
for its detector response relative to a reference component in the
calibration run. Because it is a normalization method, the concen¬
tration of all chromatographable components in the sample must be
known for greatest accuracy. This method does not require precise
sample preparation and sample injections, but the calibration mixture
should contain most of the components typical of an analysis sample.
The normalization method using response factors accounts for all of
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the components in the mixture.
The normalization method used calculates the response factors
(KF^) and then uses these response factors to calculate the percent
composition {% Conc^) of each component in the mixture, as
illustrated below:
KF. = ^ X
Area^.
where KF^. is the correction factor for the component i, Conc^. is the
amount of pure component i in the calibration sample, Area^. is the
amount of the component i peak in the calibration run, Areaj^ is the
area of the component selected as the KF reference peak and ConCj^
is the amount of component selected as the KF reference peak. To
calculate the % concentration, the following formula was used:
% Conc^.
KF. X Area. (XF)
1 1
n
E (KF. X Area.)
i=l ^ ^
where % Conc^. is the percentage of component i present in the analysis
sample, KF^ is the calibration factor for component i calculated in the
calibration run, Area^. is the area of the component i calculated in the
calibration run, XF is the total percentage of the analysis sample re¬
presented by the components in the chromatogram if less than 100 and
n
(KF. X Area^.) is the sunmation of all detector response corrected
areas in the chromatogram.
EXPERIMENTAL
Materials
Forest fire smoke condensate was provided by Skevos Tsoukalas of
the U. S. Forest Service in Macon, Georgia. Authentic samples were
purchased from various chemical companies. Helium of high purity was
used as carrier gas. Reagent grade acetone was used as the solvent to
prepare the samples for quantitative analysis.
Procedures
Column Chromatography -- Column chromatography was carried out on a
3.4-cm (i.d.) x 50-cm glass column with a Teflon stopcock and a 1-liter
reservoir, which had a 35/25 socket joint for connection and operation
at a pressure of 8-10 psi of nitrogen. The column was packed with lOOg
of silicic acid (SA) [100 mesh, Mallinckrodt, washed with methanol and
activated in a forced air oven at 150° for 18 hr.] as a slurry in
petroleum ether. All solvents were redistilled through a 200-cm
Vigreux-type distilling column.
Gel Filtration^ — The system consisted of four 1.25 x 109-cm glass
Chromatronix LC columns connected in series and packed with Biobeads
SX-12 (a neutral, porous, styrene-divinylbenzene polymer, M. exclusion
400, Bio-Rad Laboratories) in benzene to yield a wet bed of about
400-cm. Samples of PAH fraction, from the column chromatography, in
benzene were introduced into the system by means of a 0.9-ml injection
loop. The eluting solvent, benzene, was pumped at 120 ml/hr. The
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effluent was collected in 8^ml fractions by a Gibson mini-fractionator
and was monitored with an ISCO Model UA5 detector (280nm), equipped
with an 8-ul flow cell. The system was standardized using 2,3,5-
trimethyl napthalene and fluoranthrene.
Gas Chromatographic Analysis -- Gas chromatographic separations were
performed on a Varian 1440 gas chromatograph equipped with a flame
ionization detector. High purity Helium was used as the carrier gas.
The flow rate for He was 30ml/min. Two columns of differing polarity
were studied. These columns were OV-17 (intermediate in polarity)
and 3% SE-30 (non-polar). Both columns were 6' x V and packed with
the respective liquid phase on chromosorb W 60/80 mesh. Analysis was
performed on the 6' x k" 3% SE-30 column because the OV-17 column
began to lose its liquid phase when programmed to 265° and held there.
The gas chromatographic conditions were: an injection temperature of
200° and a detector temperature of 300°. The initial column temperature
was 100° and after programming at 8°/min the final column temperature
was 265°.
Isolation Procedure^ -- The neutral, polar fraction of forest fire
smoke in methanol was placed in a flask with 50-ml of isooctane and
20g of silicic acid. The solvent was removed on the rotary evaporator
to yield an almost dry mixture of isooctane, SA and sample. This
residue was slurried with 200-ml of petroleum ether and added to the
top of a lOOg SA column. The column was eluted with 500-ml of petrol¬
eum ether to give the aliphatic hydrocarbons (Fraction 1). The flask
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was then rinsed with 100-m1 of benzene-petroleum ether (1;3, v/v),
and the rinsings were added to the column. The column was then
eluted with 900-ml of the benzene-petroleum ether solvent mixture to
give the polynuclear aromatic hydrocarbons (Fraction 2). This
fraction was reduced on the evaporator and the residue was transferred
with benzene to a 1-ml volumetric flask. Fraction 2 was then placed
on the gel filtration system (GF) and sixty 8-ml fractions were
collected. Appropriate GF fractions were combined to give PAH isolate
fraction 2-A (polynuclear aromatic hydrocarbons) and fraction 2-B
(polymethyl polynuclear aromatic hydrocarbons). The elution volume
for 2,3,5-trimethylnaphthalene and fluoranthrene were used to define
limits for the collection of two large gel filtration cuts. The two
fractions were evaporated to about 1-ml and quantitatively transferred
to tapered test tubes. The remaining solvent was removed under a
stream of nitrogen and the samples were ready for gas chromatographic
analysis.
Gas Chromatographic-Mass Spectrometric Analysis -- The system used in
this study was a Finnigan Model 330F Gas Chromatograph-Mass Spectro¬
meter with a quadrupole mass spectrometer located at Food and Drug
Administration in Atlanta, Georgia. The chromatograph was equipped
with a flame ionization detector and a 5' column packed with 3% SE-30
on chromosorb W 60/80 mesh. Helium was used as the carrier gas. The
chromatographic conditions were: an injector temperature of 280° and




Figure 1. Total Ion Chromatogram of Polynuclear Hydrocarbon
Sample (2-A).
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and after temperature programming at 10°/min the final column
temperature was 300°. Figures 1 and 2 show the total ion chromato¬
gram of samples 2-A and 2-B, respectively.
Quantitation -- The Varian 3700 Capillary Gas Chromatograph inter¬
faced to the Spectra Physics SP 4000 Chromatographic Data System was
used to carry out quantitative analysis.
A quantitative mixture of polynuclear aromatic hydrocarbon
standards present in the sample was prepared. The concentration of
each component was known and the retention time of each component
was determined by running each standard individually. These para¬
meters were entered into the Spectra Physics Data System. Upon com¬
pletion of a calibration run, response factors for all components of
the standard mixture were calculated. Using these response factors,
the area of each component was corrected for its detector response
relative to anthracene which was used as the reference compound. In
an analysis run, the percentage composition of each component was




The main objective of this study was the determination of gas
chromatographic analysis conditions for polynuclear aromatic hydro¬
carbon fractions and subsequent identification of compounds found
therein. The gas chromatographic analysis was accomplished using a
Varian 1400 Series Gas Chromatograph equipped with a thermal conduct¬
ivity detector and a 6' x h" column packed with 3% SE-30 on chromo-
sorb W (60/80 mesh). Helium was used as the carrier gas.
After conditions were successfully determined the samples were
subjected to gas chromatography-mass spectrometry for information
that would lead to the identification of components.
Interpretation of GC-MS Analysis Data
and Assignment of Peaks
Using the GC-MS analysis data for polynuclear aromatic hydro¬
carbon samples 2-A and 2-B, percentage tables were constructed from
each mass spectrum (See Tables 1 and 3 respectively). An analysis
of these tables led to the assignment of peaks (See Tables 2 and 4
respectively),
The major technique used in interpretation of the mass spectral
data for peak assignment was comparison with the mass spectra of
known compounds and a study of the fragmentation patterns. Polynuclear
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Table 1. Percentage Tables for the Components in Fraction 2-A.
Scan m/e (Relative Intensity %)
Number
35-33 40(5), 42(8), 44(1), 49(1), 50(30), 51(23), 52(3), 53(3),
54(2), 56(5), 57(26), 58(1), 61(3), 62(18), 63(30), 64(3),
65(2), 66(1), 67(5), 68(2), 70(2), 71(8), 74(23), 75(18),
76(23), 77(3), 79(1), 80(2), 81(5), 83(4), 85(7), 86(10),
87(14), 89(18), 90(2), 91(3), 95(3), 96(2), 97(3), 98(9),
99(7), 100(3), 101(3), 102(3), 103(1), 107(1), 109(3),
110(3), 111(4), 113(3), 114(1), 115(2), 116(1), 121(1),
122(3), 123(3), 125(2), 126(5), 127(2), 128(2), 129(2),
139(2), 141(1), 149(2), 150(10), 151(13), 152(19), 153(3),
174(3), 175(3), 176(23), 177(13), 178(100), 179(16), 180(1)
47-43 45(5), 58(2), 61(3), 62(20), 63(28), 54(3), 66(2), 67(28),
69(5), 74(12), 75(13), 76(9), 79(1), 80(5), 81(20), 86(9),
87(20), 88(9), 89(9), 92(9), 93(12), 94(12), 96(20), 100(1),
107(9), 110(5), 111(3), 112(1), 113(2), 114(2), 119(6),
121(5), 122(5), 123(5), 128(4), 130(5), 131(2), 132(1),
133(2), 135(4), 136(1) 137(2), 138(4), 139(5), 142(4),
144(1) 146(4), 147(1), 149(10), 150(10), 151(6), 152(10),
158(2), 161(1), 162(3) 163(3), 164(7), 165(33), 166(6),
171(1), 176(7), 179(5), 181(2), 184(10), 188(8), 189(56),
190(32), 191(68) 192(100), 193(20), 194(1), 196(3), 208(5)
57-55 42(3), 49(1), 50(32), 51(16), 52(3), 53(3), 57(5), 61(4),
62(17), 63(23), 64(3), 67(3), 68(2), 70(1), 71(1), 73(1),
74(24), 75(15), 76(4), 77(5), 79(3), 81(4), 85(4), 86(13),
87(19), 88(16), 89(4), 91(4), 96(1), 98(13), 99(9), 100(20),
101(25), 102(4), 103(2), 105(2), 107(2), 109(2), 110(7),
111(7), 112(2), 113(2), 115(2), 122(5), 123(3), 124(2),
126(4), 134(1), 135(2), 137(1), 145(1), 146(1), 147(1),
150(7), 151(4), 152(4), 161(1), 162(2), 163(3), 174(7),
175(4), 176(4), 187(1), 189(2), 198(5), 199(6), 200(26),
201(18), 202(100), 203(18), 204(2), 206(1)
60-59 42(8), 50(13), 51(5), 53(1), 56(6), 57(32), 58(1), 61(1),
62(8), 63(10), 64(1), 66(2), 67(7), 69(5), 70(18), 71(1),
72(1), 73(10), 74(5), 75(2), 77(3), 78(3), 81(3), 82(1),
83(1), 85(7), 86(7), 87(9), 88(8), 89(2), 91(1), 93(3),
94(2), 95(1), 97(2), 98(7), 99(8), 100(18), 101(23),
102(4), 110(4), 111(3), 112(3), 113(3), 122(2), 123(2),
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Table 1. Continued
126(2), 127(2), 128(2), 133(1), 134(2), 135(3), 137(1),
143(1), 149(2), 150(4), 151(1), 154(1), 156(1) 167(1),
168(1), 173(1), 174(5), 175(2), 176(1), 198(3), 199(5),
200(26), 201(22), 202(100), 203(18), 204(1)
71-65 42(13), 50(23), 51(12), 54(3), 57(16), 62(9), 63(20),
64(3), 65(2), 67(6), 69(35), 71(9), 74(13), 75(8), 76(5),
77(4), 80(3), 81(3), 82(2), 83(13), 85(6), 86(9), 87(11),
88(2), 89(2), 91(5), 93(7), 94(13), 95(33), 97(4), 98(6),
99(5), 100(3), 102(3), 105(8), 106(12), 107(28), 108(35),
109(5), 110(4), 111(5), 112(3), 113(2), 116(1), 119(1),
121(1), 122(5), 123(5), 125(2), 127(2), 128(2), 131(5),
133(2), 134(2), 136(2), 137(5), 139(4), 140(2), 141(2),
145(2), 146(2), 150(3), 151(1), 152(2), 155(1), 159(2),
161(2), 162(3), 163(6), 165(2), 170(1), 174(3), 178(1),
185(3), 186(3), 187(9), 188(5), 189(3), 190(4), 191(1),
193(1), 196(2), 198(2), 199(2), 200(2), 206(1), 209(1),
-210(1), 211(4), 212(3), 213(22), 214(7), 215(64), 216(100),
217(17)
83-80 40(2), 50(28), 51(23), 52(2), 53(7), 62(18), 63(26),
64(4), 66(2), 68(5), 71(9), 72(2), 73(1), 74(18), 75(16),
76(5), 79(3), 81(6), 84(2), 85(9), 86(8), 87(14), 88(8),
89(4), 91(5), 95(4), 96(3), 98(11), 99(2), 100(8), 101(18),
102(2), 103(3), 107(5), 108(2), 110(2), 111(8), 112(13),
113(36), 114(28), 115(6), 116(2), 119(2), 120(3), 122(3),
124(2), 125(3), 126(4), 128(3), 129(2), 131(3), 134(2),
135(3), 139(2), 150(4), 151(4), 152(4), 153(2), 157(2),
158(2), 161(2), 162(1), 163(4), 164(2), 165(1), 168(2),
169(3), 174(3), 175(2), 176(4), 177(1), 179(1), 187(2),
188(1), 191(1), 192(2), 193(2), 197(1), 198(3), 199(2),
200(6), 201(4), 202(4), 203(1), 222(2), 224(5), 225(7),
226(34), 227(9), 228(100), 229(13)
101-99 40(16), 44(9), 49(5), 50(80), 51(62), 54(20), 56(58),
61(8), 62(17), 63(71), 74(38), 75(21), 76(8), 79(79),
80(16), 86(13), 87(17), 88(5), 89(9), 90(9), 91(9),
93(25), 96(34), 98(21), 99(9), 100(17), 101(8), 102(5),
103(9), 105(42), 109(13), 110(13), 111(46), 112(46),
113(29), 114(21), 115(20), 116(8), 117(9), 118(13),
119(46), 121(13), 122(28), 123(45), 124(75), 125(66),
126(100), 127(17), 129(5), 130(4), 131(5), 132(12),
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Table 1. Continued
134(12), 139(4), 140(9), 143(8), 146(20, 147(8), 149(25),
157(12), 158(16), 161(21), 162(12), 163(4), 164(12),
165(20), 167(8), 168(7), 170(4), 174(4), 178(4), 180(9),
181(13), 185(9), 187(13), 188(4), 194(4), 199(8), 200(12),
201(4), 202(8), 203(4), 206(12), 211(16), 217(9), 223(12),
224(12), 226(20), 250(29), 252(91), 253(20), 262(9)
105-103 40(6), 42(46), 44(32), 45(15), 50(32), 51(29), 52(12),
53(39), 54(29), 55(67), 56(9), 57(100), 58(11), 63(17),
64(3), 66(14), 69(23), 70(11), 71(79), 72(14), 73(46),
74(29), 82(20), 85(64), 86(3), 87(20), 88(14), 92(35),
93(11), 94(3), 95(11), 96(3), 99(3), 100(4), 103(5),
110(24), 112(32), 113(35), 115(5), 116(6), 117(6),
119(6), 122(11), 124(24), 125(67), 126(53), 127(6),
130(6), 131(4), 133(9), 135(26), 137(23), 139(3), 135(26),
137(23), 139(3), 140(6), 141(6), 144(4), 145(9), 147(6),
148(3), 150C17), 152(3), 155(15), 160(6), 163(12), 169(6),
170(3), 180(4), 181(3), 182(9), 186(3), 189(6), 191(9),
193(6), 195(9), 197(6), 198(9), 199(6), 202(3), 203(9),
205(3), 208(11), 209(3), 211(3), 215(3), 224(9), 248(9),
250(23), 252(46), 253(18)
15




35-33 Anthracene and Phenanthrene
47-43 9-Methyl anthracene
57-55 1-Methylphenanthrene and/or 2-Methylphenanthrene
60-59 Fluoranthrene and Pyrene
71-65 1,2-Ben2ofluorene and 2,3-Benzofluorene and/or
4-Methyl pyrene
83-80 1,2-Benzanthracene and Chrysene
101-99 1,2-Benzopyrene and 4,5-Benzopyrene
105-103 Perylene
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Table 3. Percentage Tables for the Components in Fraction 2-B.
Scan m/e (Relative Intensity %)
29-27 40(9), 42(5), 44(2), 50(5), 51(21), 53(6), 54(2), 55(10),
57(3), 58(1), 61(1), 62(11), 63(36), 64(9), 65(12), 66(2),
67(3), 69(4), 70(2), 71(2), 74(7), 75(11), 76(14), 77(5),
81(2), 82(5), 83(5), 84(8), 85(8), 86(5), 87(10), 88(3),
89(13), 90(2), 91(5), 92(1), 93(3), 95(3), 98(3), 99(3),
100(1), 101(3), 102(8), 103(3), 111(2), 113(4), 114(2),
115(36), 116(5), 126(5), 127(12), 128(33), 129(14),
130(1), 137(1), 138(1), 139(8), 140(2), 141(11), 142(4),
143(1), 150(1), 151(6), 152(23), 153(34), 154(12),
155(100), 156(13), 157(1), 163(1), 164(1), 165(4),
167(4), 168(1), 169(11), 170(63), 171(9), 172(1),
218(1), 230(1), 232(1)
39-37 40(5), 42(3), 45(1), 46(1), 50(11), 51(24), 54(1), 55(20),
56(4), 57(17), 58(2), 61(2), 62(15), 63(35), 64(4), 65(4),
66(2), 67(4), 69(3), 70(5), 71(2), 74(14), 75(15), 76(26),
81(4), 82(5), 83(7), 85(3), 86(8), 87(13), 88(11), 89(29),
90(7), 91(4), 93(1), 94(2), 95(4), 98(5), 99(5), 100(2),
101(2), 102(4), 110(2), 111(2), 113(3), 114(1), 115(8),
116(1), 122(1), 123(1), 124(1), 125(1), 126(5), 127(2),
128(4), 129(1), 131(1), 138(1), 139(6), 141(1), 150(5),
151(6), 152(11), 162(1), 163(5), 164(5), 165(100), 166(14),
167(4), 169(3), 174(1), 175(1), 176(1), 177(7), 178(19),
179(16), 180(50), 181(3), 184(2), 186(1), 192(1), 197(1),
198(1), 202(1), 206(1), 223(1), 232(1)
45-43 44(1), 50(34), 51(19), 53(1), 55(6), 56(3), 57(14), 61(4),
62(19), 63(30), 64(3), 65(2), 66(1), 67(3), 68(1), 69(5),
70(1), 71(5), 74(22), 75(19), 76(24), 77(2), 80(1), 81(1),
83(1), 85(5), 86(9), 87(15), 88(14), 89(17), 90(1), 91(1),
95(1), 97(3), 98(9), 99(6), 100(2), 101(1), 102(3), 109(1),
110(3), 111(4), 112(1), 113(4), 121(1), 122(2), 123(1),
125(2), 126(5), 127(2), 139(2), 149(2), 150(10), 151(12),
152(18), 174(3), 175(3), 176(23), 177(12), 178(100),
179(14), 181(1), 195(3), 196(3), 198(1), 212(1), 234(1),
247(1), 255(1), 270(1), 276(1)
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Table 3. Continued
58-55 40(5), 42(3), 50(39), 51(35), 52(7), 53(2), 55(9), 56(2),
57(1), 61(3), 62(19), 63(38), 64(5), 65(4), 67(3), 68(1),
69(4), 70(2), 74(21), 75(16), 76(8), 77(7), 79(2), 81(5),
82(9), 83(9), 85(2), 86(11), 87(17), 88(6), 89(7), 91(2),
93(1), 94(8), 95(21), 96(13), 97(1), 98(8), 99(5), 100(3),
101(2), 102(3), 105(1), 109(1), 110(4), 111(6), 112(1),
113(5), 114(1), 115(8), 116(1), 122(2), 123(2), 124(1),
125(1), 126(4), 127(2), 128(2), 135(1), 137(3), 138(2),
139(8), 140(1), 148(1), 149(1), 150(5), 151(4), 152(5),
161(1), 162(3), 163(11), 164(7), 165(34), 166(4), 174(1),
175(1), 176(5), 187(5), 188(4), 189(38), 190(17), 191(61),
192(100), 193(15), 204(1), 210(1)
69-64 40(10), 42(6), 44(1), 49(1), 50(42), 51(46), 52(10), 53(6),
54(2), 55(7), 56(4), 57(6), 61(3), 62(21),63(51), 64(7),
65(7), 66(1), 67(6), 68(1), 69(5), 70(1), 74(23), 75(23),
76(27), 77(13), 79(3), 80(1), 81(4), 82(3), 83(4), 85(2),
86(13), 87(23), 88(21), 89(37), 90(4), 91(4), 93(1), 94(5),
95(20), 96(30), 98(10), 99(8), 100(10), 101(30), 102(34),
103(15), 104(2), 109(1), 110(4), 111(8), 112(1), 113(6),
114(2), 115(10), 116(1), 122(2), 123(2), 124(1), 125(1),
126(8), 127(4), 128(4), 129(1), 135(1), 137(1), 138(2),
139(12), 140(2), 141(2), 150(10), 151(10), 152(19), 153(4),
161(2), 162(4), 163(14), 164(7), 165(21), 166(3), 173(1),
174(3), 175(3), 176(12), 178(16), 179(10), 180(10), 187(6),
188(6), 189(72), 190(34), 191(85), 192(13), 193(1), 198(1),
200(6), 201(6), 202(20), 203(13), 204(10), 205(39), 206(100),
207(17), 208(1), 221(1), 222(2)
79-76 40(9), 42(15), 44(1), 49(1), 50(29), 51(43), 52(12), 53(9),
54(3), 55(17), 56(9), 57(23), 61(2), 62(12), 63(37), 64(6),
65(9), 66(3), 67(14), 68(2), 69(14), 70(6), 71(7), 74(13),
75(17), 76(20), 77(16), 79(5), 80(2), 81(10), 82(5), 83(10),
84(1), 85(4), 86(6), 87(13), 88(17), 89(29), 90(4), 91(7),
92(1), 93(4), 94(7), 95(31), 96(10), 97(6), 98(5), 99(5),
100(10), 101(38), 102(25), 103(10), 104(2), 105(4), 106(3),
107(9), 108(13), 109(14), 110(13), 111(6), 113(4), 114(1),
115(10), 116(1), 117(1), 118(1), 119(2), 122(1), 123(2),
124(1), 125(1), 126(5), 127(3), 128(5), 129(1), 133(1),
135(1), 137(2), 138(2), 139(9), 140(2), 141(2), 149(3),
150(8), 151(9), 152(17), 153(4), 161(1), 162(2), 163(9),
164(5), 165(19), 166(3), 174(3), 175(3), 176(11), 177(6),
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178(17), 179(8), 180(1), 187(5), 188(4), 189(57), 190(29),
191(11), 192(5), 193(2), 200(5), 201(6), 202(31), 203(29),
204(11), 205(100), 206(12), 207(1), 213(3), 214(1), 215(4),
216(2), 217(5), 219(5), 220(34), 221 (9), 2360), 249(1),
250(1), 252(1)
90-88 50(69), 51(96), 52(30), 53(33), 54(9), 55(58), 56(24),
57(57), 58(3), 59(1), 61(3), 62(27), 63(70), 64(8), 65(19),
66(4), 67(24), 68(8), 69(34), 70(10), 71(18), 72(1), 73(3),
74(32), 75(31), 76(29), 77(25), 78(6), 79(12), 80(4), 81(25),
82(10), 83(20), 85(10), 86(17), 87(29), 88(28), 89(34),
90(4), 91(15), 92(3), 93(10), 94(21), 95(56), 96(6), 97(9),
98(12), 99(15), 100(20), 101(80), 102(35), 103(4), 104(2),
105(7), 106(7), 107(33), 108(67), 109(8), 110(6), 111(9),
112(5), 113(25), 114(35), 115(46), 116(22), 117(5), 119(1),
122(4), 123(4), 124(3), 125(4), 126(8), 127(5), 128(5),
129(2), 134(1), 135(2), 137(6), 138(3), 139(17), 140(2),
141(2), 145(1), 147(2), 148(1), 149(4), 150(16), 151(13),
152(21), 153(4), 154(1), 161(5), 162(6), 163(28), 164(10),
165(29), 166(4), 175(6), 176(22), 177(6), 178(8), 179(3),
180(1), 182(1), 185(1), 186(3), 187(18), 188(12), 189(85),
190(27), 191(44), 192(56), 193(9), 199(1), 200(11), 201(13),
202(100), 203(37), 204(3), 211(2), 212(1), 213(15), 214(5),
215(42), 216(22), 217(72), 218(7), 226(6), 227(2), 228(2),
229(5), 230(5), 231(5), 232(52), 233(23), 234(5), 244(1),
251(1), 256(1), 259(1), 263(1), 278(1), 279(1), 284(1),
285(1), 290(1)
104-101 42(37), 44(10), 45(3), 47(2), 50(55), 51(100), 52(23), 53(24),
54(8), 55(90), 56(31), 57(76), 58(2), 59(2), 60(4), 61(5),
62(28), 63(71), 64(11), 65(21), 66(5), 67(33), 68(10),
69(48), 70(13), 71(22), 72(1), 73(15), 74(26), 75(31),
76(18), 77(34), 79(13), 80(4), 81(29), 82(13), 83(34),
84(9), 85(15), 86(18), 87(28), 88(20), 89(13), 90(3),
91(16), 92(5), 93(14), 94(35), 95(62), 96(8), 97(16), 98(13),
99(14), 100(11), 101(38), 102(12), 103(3), 104(3), 105(6),
106(12), 107(36), 108(37), 109(33), 110(12), 111(12), 112(2),
113(20), 114(24), 115(28), 116(6), 118(1), 119(13), 120(20),
121(2), 122(53), 123(45), 124(8), 125(6), 126(8), 127(4),
128(7), 129(7), 130(2), 131(1), 133(1), 134(2), 135(5),
136(2), 137(5), 138(2), 139(15), 140(3), 141(6), 143(2),
144(1), 145(1), 147(4), 148(1), 149(9), 150(17), 151(15),
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152(18), 153(5), 154C1), 156(2), 157(2), 159(1), 161(5),
162(4), 163(20), 164(18), 165(14), 166(1), 169(1), 170(1),
172(1), 174(5), 175(7), 176(20), 177(6), 178(7), 179(3),
180(1), 183(1), 184(1), 185(2), 186(3), 187(15), 188(11),
189(53), 190(15), 191(19), 192(4), 193(1), 198(3), 199(3),
200(16), 201(15), 202(83), 203(29), 204(4), 205(1), 211(5),
212(3), 213(20), 214(5), 215(22), 216(9), 217(18), 218(5),
219(3), 226(4), 227(5), 229(32), 230(6), 231(5), 238(1),
239(3), 240(2), 241(2), 242(2), 243(4), 244(8), 245(21),
246(43), 247(28), 248(7), 249(1), 251(2), 255(1), 258(3),
259(1), 267(1), 268(1), 276(1), 279(1), 282(1), 285(1),
292(1), 296(1), 298(1), 300(1), 306(1), 311(1), 323(1)
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29-27 Tetrahydrotriphenylene and/or Ethyl Methyl-4H-
cyclopenta (det) phenanthrene
39-37 1-Methyl fluorene and/or Diphenylethene
45-43 Phenanthrene, Anthracene Decahydrofluorene, and/or
Methyl Phenanthrenes
58-55 Tetradecahydroanthracene, Methyl Anthracene, and/or
Methyl Phenanthrenes
69-64 Dimethyl Phenanthrenes and Anthracenes, 2-Ethyl
Anthracene, and/or 1,2,3,4-Tetrahydrofluoranthrene
79-76 4,5-Dimethyl Perhydrophenanthrene




aromatic hydrocarbons tend to resist fragmentation and therefore the
base peak is normally the molecular ion peak.^ This concept was
employed in determining the compounds that could possibly fit the
mass spectral data. Retention time data was then used to narrow down
the choices as much as possible. The mass spectra were then compared
to the mass spectra of the suspected components as they appeared in
reference books. In some instances, isomeric compounds were not well
resolved so it was not possible to determine which isomer was being
represented or whether the mass spectrum was a combination of both
isomers.
Due to the lack of very many polymethyl polynuclear aromatic
hydrocarbon standards, not much retention data could be obtained.
Therefore, the many compounds which fit only the mass spectral data
could not be eliminated as possibilities with retention data. As a
result, the number of possible choices of compounds for sample 2-B
was greater.
Quantitative Analysis
The Varian 3700 Capillary Gas Chromatograph interfaced to the
Spectra Physics SP 4000 Chromatographic Data System was used to per¬
form a quantitative analysis run on the polynuclear aromatic hydro¬
carbon fractions. The runs were made on an OV-101 capillary column.
Helium was used as the carrier gas at a flow rate of 2 ml/min. The
initial temperature was 100° and temperature programming was used at
22
4°/min to give a final temperature of 325°,
Using a standard mixture of components suspected to be in the
polynuclear aromatic hydrocarbon samples, the relative retention time
of each standard was determined. Using this information, the response
factors for components in the mixture were obtained. These response
factors were relative to anthracene which was used as the reference
compound.
By introducing the retention time and concentration data about
the standard mixture into the Spectra Physics computer data system,
quantitative analysis procedures for the polynuclear aromatic hydro¬
carbon fractions were carried out. Figure 3 is the chromatogram from
the quantitative study of PAH fraction 2-A (monomethyl and parent
PAH's) and Table 5 gives the concentrations of the components in this
fraction. Figure 4 is the chromatogram from the quantitative run of
PAH fraction 2-B (polymethyl PAH's), The inability to decrease the
number of possible component choices that correspond to a particular
mass spectrum in the polymethyl PAH's made concentration values
virtually useless.
Amplitude




Figure 3. Capillary Gas Chromatogram of Polynuclear Aromatic Hydrocarbon Sample (2-A).
Amplitude
Figure 4. Capillary Gas Chromatogram of Polymethyl Polynuclear Hydrocarbon Sample (2-B).










Anthracene + Phenanthrene 4.69 26.1 661578 1 1
9-Methyl anthracene 1.04 31.1 100144 1.46 1.1891-Methylphenanthrene and/or
2-Methylphenanthrene 1.54 31.4 217910 1 1.205
FIuoranthrene + Pyrene 5.84 34.0 549294 1.50 1.301
1,2-Benzofluorene and/or 2,3-
Benzofluorene and 4-Methyl-
pyrene 0.16 36.4 22062 1 1.401
1,2-Benzanthracene + Chrysene 0.91 41.7 47500 2.70 1.606
1,2-Benzopyrene + 4,5-Benzo¬
pyrene 0.04 48.4 5780 1 1.865
Perylene 0.07 49.9 9753 1 1.915
CONCLUSION
The GC-MS analytical technique has been successfully used to
determine some of the polynuclear aromatic hydrocarbons that are pre¬
sent in the particulate matter of forest fire smoke. The particulate
matter was collected from controlled forest fires set by the U. S.
Forest Service.
Some polynuclear aromatic hydrocarbons found in forest fire
smoke particulate matter and their relative concentrations as found
in Fraction 2-A are: Anthracene and Phenanthrene (4.69%), 9-Methyl
anthracene (1.04%), 1-Methyl phenanthrene and/or 2-Methyl Phenanthrene
(1.54%), Fluoranthrene and Pyrene (5.84%), 1,2-Benzofluorene and/or
2,3-Benzofluorene and 4-Methyl pyrene (0.16%), 1,2-Benzanthracene and
Chrysene (0.91%), 1,2-Benzopyrene and 4,5-Benzopyrene (0.04%),
Perylene (0.07%).
Some of these compounds are known to exhibit carcinogenic
activity.^ A knowledge of the polynuclear aromatic hydrocarbons
present and their concentration gives a basis for speculation on the
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